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SUBSYSTEM :OREITAL MANEUVER FMEA NC D3~3 =4004 =2 EEV! 3/30/85
ASSEMELY :ENGINE SUBSYSTEM CRIT, FUNC: 1
B/N RI tMCE21=0000 CRIT. HDw: 1
F/N VENDOR:11lEE262 VEHICLE 102 102 104
QUANTITY :2 EFFECTIVITY: X X X

1l FOR EACH ENG SUB-SYS PHASE (5} - PL IO A 00 X Do X Ls

REDUNDANCY SCREEN: A- E- o-
FRERLRED BY: AFPFROVZED BY:{( - ) *rk I
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INJECTOR BI-FROPELLANT, RQCKET ENGINE.

FUNCTION: '
PROVIDES INJECTION OF LIQUID PROPELLANT INTO THE THRUST CHAMETLE.
TRANSVERSE LIFE QN LIKE DOUBLET QRIFICES WITH TANGENTIAL FANS AND SPRAY
INJECTION ARE UTILIZED TO ACHIEVE A NOMINAL ISP OF 3113. THE 2041 S.S.
INJECTOR IS FLAT FACED & UNBAFFLED. 2 TCTAL OF 12 DUAL ACQUSTIC TUNZD
CAVITIES ARE PLACED AROUNMD THE INTECTOR PERIMETER FOR FREQUENCY RESPONSE
DRMPFING & TC MAINTATN COMBUSTION STABILITY.

FATIORE MODE:
FTAILS OUT OF TOLERANCE, RESTRICTED FLOW. v

CAUSE(S):
PLUGGED QRIFICES,Bl=PROF VALVE FAILS PARTIALLY OPEN OR INCORRECT VALVE
TIMING, BLOCKAGE OR RUPTURE OF ENGINE INLET FILTER, CONTAMINATION/
PROPELLANT COMBUSTION RESIDUE, LEARING & FREEZING OF PROPELLANT,
PRGFELLANT REACTION WITH ATMOSPHERIC FRODUCTS.

EFFECT(S) ON:
(&) SUBSYSTEM (B) INYERFACES (C)MISSION (D)CREW/VEHICLE

(A} FUNCTIONAL DEGRADATION -~ INADEQUATE CHAMBER COCLING. POSEIBLE
COMBUSTION INSTABILITY, POSSIELE CHAMBER BURN=THROUGH DUE T2 INADEQUATE
COOLING. FOSSIBLF IOES OF ENGINE.

(B) DEGRADATION OF INTERFACE FUNCTION ~ REDUCED THRUST, ISP, POSSIBLE
LOSS OF ENGINE. DEFECTIVE ENGINE CAN BE SEUTDOWN AND DECRBIT
ACCOMPLISHED WITH REMAINING ENGINE.

(€} POSSIELE EARLY MISSION TERMINATION. REDLINE ADDITIONAL FROPZLLANT
TOR RCS BACKUP DEORBIT. NEXT PLS DEORBIT IF SUTFICIENT PROPELLANT NQT
AVAILABLE.
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(D} FOSSIBLE LOSS OF CREW/VEHICLE - POSSIBLE COMBUSTION INSTARILITY OR
INADEQUATE CHAMBER CODLING CAUSING CHAMBER AND/OR POD/TPS/AFTT FUSELAGZE
DAMAGE .

DISPOSITION & RATIOWALE:
(A}DEFIGN (B)TEST (CYINSPECTION (D) FAILURE HISTORY {¥)OPERATIONAL TSE

{A) DESIGN
THE INJECTOR DESISHN FERTURES DIFFUSION BOND AND EB WELD OF FACE FLATE TC
BODY PROVIOING REDUNDANCY BETWEEN TUEL AND OXIDIZER PASSAGES. ENGINE
INLET FILTERS ARZ PROVIDED. POST BURN PURGES ARE PERFORMED. COMPLETE
TEERMAL ANALYSIS AND STRESS ANALYSIS HAVE BEEN COMPLETED. REDUNDANT
ENGINES ARE PROVIDED EITHER QF WHICH IS CAPAELE OF DE-ORBIT.

(B) TEST

QUALTFICATION TESTS .

CHAMBER "BOMB" TESTSE CONDUCTED. ENDURANCE {1500 FIRINGS), VIBRATIOR AT
ENGINE LEVEL. ALSO QUALIFIED AS PART OF ENGINE ASSEMELY, 138 FIRINGS
DURING ENGINE QUAL, 498 FIRINGE AT POD LEVEL AT WSTT.

ACCEPTANCE TESTS
EXAMINATION OF PRODUCT. WELD INSFECTION. RADIOGRAFPHIC AND FLUQORESCENT
INSPECTION. SPRAY PATTERN VERIFICATION AND FLOW TreTs.

GROUND TURNAROUND _ ]

VISUAL INSPECTION (V43CEO,020) OF INJECTOR FACE WITH BORESCOPE PRIOR T0
EACH MISSION, :

V43CBO.275 PERFORMS PRESSURE DECAY DOWNSTREAM OF ENGINE VALVE EVERY 5TK
FLIGHT.

V43CEQ.010 PERFORMS ENGINE TRICKLE PURGE/THROAT FLUG TEST EVERY

FLIGHT,

V43CEO.030 PERFORMS INTERNAL POD INSPECTION EVERY 5 FLIGHTS.

VA3CED.050 PERFORMS BI-PROP VALVE DRAIN AND PURGE EVERY FLIGHT.
V43CEO.0Q90 PERFORMS PROPELLANT SAMPLING SECOND FLIGHT.

V43CFO.010 PERFORMS FROPELLANT SERVICING TQ FLIGHT LOAD AND VERIFIES
CONFOPMANCE TO SBE-8-0073 EVERY FLIGHT.

V43CHO.010 PERFORMS WATER INTRUSION INSPECTION AFTER FIREX USAGE ON

PAD.

FLIGHT DATA IS ANALYZED TO DETERMINE THE CAUSE OF ANY ANOMALOUS
CONDITION. PROFELLANTS ARE DRAINED FROM BI-PROPELLANT VALVE CAVITIES, A
GN2 TRICKLE PURGE IS MAINTAINED AND A THROAT PLUG IS INSTALLED IN THE
CHAMBER THROAT TO KEEF PROPELLANT VAPORS AND MOISTURE OUT OF THE
INJECTOR MANIFOLDS AND FREVENT SALTS, PROPELLANT NITRATES AND CORROSION
FROM DEVELOFING IN THE INJECTOR.

{C) INSPECTION

RECEIVING INSPECTION
MATERIALS AND PROCESSES CERTIFICATIONS ARE VERIFIED BY INSPECTION.
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CONTAMINATICN COMNTROL
CLEANLINESS TO LEVEL 200 FOR MMH AND 200A FOR NTO AND CORROSTON
PROTECTION PROVISIUNS ARE VERIFIED BY INSPECTICN.

ASEEMBLY /INSTALLATION

VANUFACTURING, ASSEMBLY AND INSTALLATION PROCEDURES ARE VERIFIED BY
INSPECTION. CRITICAL DIMENSIONS AND SURFAGE FINISHES ARE VERIFIZD BY
INSPECTION.

NONDESTRUCTIVE EVALUATION
FENETRANT AND RADIOSRAPHIC INSFECTIQN OF WELDS ARE VERIFIED BY
INSPECTION.

CRITICAL FROCESSES

INTECTOR PLATELET CHEM-MILL AND SHADOW GRAPH IS VERIFIFD BY INSPECTION.
THE WELDING PROCESS AND VERIFIGATION THAT WELDS MEET SEECIFICATION
REQUIREMENTSE ARE VERIFIED BY INSPECTION.

TESTING

TEST EQUIFMENT AND TOOL CALIERATION ARE VERIFIED BY INSPECTION.
ACCEPTANCE TEST IS VERIFIED BY INSPECTION. CLAMPED PLATELET HYDROTEST
FOR CORRECT SPRAY AND INTERSECTIONAL PATTERN 1§ VERIFIED BY INSPECTION.
DIFFUSION BONDED FLATELET STACK HYDROTEST FOR CORRECT SPRAY AND
INTERSECTIONAL PATTERN IS VERIFIED BY INSPECTION. TEST FIRING AND
INSFECTION FOR HOT SFOTS IS VERIFIED BY INSPECTION,

HANDLING/PACEAGING

HANDLING, PACKAGING, STORAGE AND SEIPPING REQUIFEMENTS ARE VERIFIED BY
INSPECTION.

{D} FATILDRE HISTORY

NO FAILURES ASSOCIATED WITH THIS FAILURE MODE HAVE OCCURRED DURING
DPERATIONAL USAGE.

TWO DEVELOFMENT INJECTORS DEVELOPED FACE CRACES AFTER BEING FIRED OVER
500 TIMES. BOTH INJECTORS WERE FIRED AN ADDITIONAL 1000 TIMES WITH NO
MEASURABLE EFFECT ON PERFORMANCE, NO CORRECTIVE ACTION WAS CONSIDERED
NECESSARY. THE LIMITED LIFE REQUIREMENT FOR THE IKJECTOR 1§ 27
MISSIONS.

THREE ENGINE ASSEMBLY INJECTORS SUSTATNED ORIFICE DEFORMATION DUE TO
DETONATIONS IN THE INJECTOR MANIFOLDS DURTNG GROUND TEST PROGRAMS - ONT
DURING DEVELOPMENT, ONE 1IN THE POD QUAL PROGRAM AND ONE DURING THE
OFERATIONAL ENHANCEMENT PROGRAM.

CAR AC4020 INDICATES THAT THE CAUSE OF DAMAGE TO THE INTECTDOR MANIFOLD
WAS CAUSED BY A DETONATION DUE TO OMISSION OF THE FOST FIRE PURGE AND
THE FREVIOUS SHORT ENGINE FIRING. 7THIS ALLOWED RESIDUAL FUEL TO MIGRATE
INTO THE OXIDIZER CHANNELS. THE TEST PROCEDURE WAS REVISED. DAMAGE
DURING FLIGHT IS NOT ANTICIFATED SINCE POST FIRE PURGES ARE REQUIRED AND
THE SPACE VACUUM WILL FURTHER LIMIT CCCURRENCE OF THIS CONDITION.

DETAILED VISUAL INSPECTION OF THEE INJECTOR IS PERFORMED AFTER EACH
FLIGHT. 03-3
= - 1&m
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(E) OPERATIONLL USE
INJECTOR ({FUEL OUT} TEMPERATURE MUNITORED: ENGINE SEUTDOWN IF
TEMPERATURE EXCEEDS OPERATIONAL LIMITS. FAILURE MAY BE DIFFICULT To
DIAGNOSE. ISCLATE FAILED ENGINE AND COMPLETE MISSION REQUIREMENTE USING
CROSSFEED FOR PROPELIANT UTILIZATION. REDLINE ADDITIONAL FROPELLANT TCR
RCS BACKUP DEOREIT. NEXT PLS DEOREIT IF PROPELIANT FOR RCS BACKLUP NOT
AVAILABIE. '
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